Spindle microtubule dynamics: modulation by metabolic inhibitors.
Recent experiments have shown that spindle microtubules are exceedingly dynamic. Measurements of fluorescence recovery after photobleaching (FRAP), in cells previously microinjected with fluorescent tubulin, provide quantitative information concerning the rate of turnover, or exchange, of tubulin subunits with the population of microtubules in living cells at steady state. In an effort to elucidate the pathways and factors that regulate tubulin exchange with microtubules in living cells, we have investigated the energy requirements for tubulin turnover as measured by FRAP. Spindle morphology was not detectably altered in cells incubated with 5 mM sodium azide and 1 mM 2-deoxyglucose (Az/DOG) for 5 minutes, as assayed by polarized light microscopy and antitubulin immunofluorescence. In FRAP experiments on these ATP-depleted cells, the average rate of recovery and the average percent of bleached fluorescence recovered were reduced to 37% and 30% of controls, respectively. When the inhibitors were removed, cells continued through mitosis, and rapid FRAP was restored. In the presence of azide and glucose, the rate of recovery and percent of fluorescence recovered were only slightly reduced, demonstrating that energy production via glycolysis can support microtubule turnover. Longer incubations with Az/DOG altered the microtubule organization in mitotic cells: astral microtubules lengthened and spindle fibers shortened. Furthermore, both astral and spindle microtubules became resistant to nocodazole-induced disassembly under these conditions. Together these observations indicate that microtubule dynamics require ATP and suggest a relationship between microtubule organization and turnover.